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(67) A portable medical device is provided with an
internal accelerometer device. The medical device in-
cludes a circuit board, the accelerometer device, and a
response module coupled to the accelerometer device.
The accelerometer device is mechanically and electrical-
ly coupled to the circuit board, and it includes a plurality
of mass-supporting arms for a plurality of electrically dis-
tinct sensor electrodes, piezoelectric material for the
mass-supporting arm, and a proof mass supported by
the mass-supporting arms. Each of the mass-supporting
arms has one of the sensor electrodes located thereon.
Acceleration of the proof mass causes deflection of the
piezoelectric material, which generates respective sen-
sor signals at one or more of the sensor electrodes. The
response module is configured to initiate an accelera-
tion-dependent operation of the portable medical device
in response to generated sensor signals present at the
sensor electrodes.
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Description
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The subject matter of this application is related
to the subject matter described in United States patent
application serial number 12/611,341.

TECHNICAL FIELD

[0002] Embodiments of the subject matter described
herein relate generally to accelerometer devices and
medical devices that utilize accelerometer devices. More
particularly, embodiments of the subject matter relate to
a monolithic accelerometer device that is capable of de-
tecting acceleration in an omnidirectional manner.

BACKGROUND

[0003] Accelerometers can be found in electronic de-
vices such as handheld video game devices, cellular tel-
ephones, pedometers, and portable medical devices. An
accelerometer could be used to detect environmental
conditions such as vibration, impact, or user activity. An
accelerometer could also be used as a control device.
For example, some video game devices and controllers
incorporate accelerometers (and/or other sensors) that
detect motion, orientation, or acceleration, where the de-
tected phenomena can be translated into commands or
instructions for the video game. A medical device might
utilize one accelerometer to measure physical activity
levels of the user and another accelerometer to detect
physical impacts or trauma suffered by the medical de-
vice. For example, if an onboard accelerometer detects
a relatively high physical impact, then the medical device
could record the impact event and/or remind the user to
inspect the medical device for proper operation.

[0004] In a medical device, human activity is typically
characterized by relatively low frequency and relatively
low amplitude excitation. In contrast, physical impacts
are usually associated with relatively high frequency and
relatively high amplitude excitation. Furthermore, both
excitation modes can be associated with acceleration in
any direction and at random or unpredictable times. At
this time, no commercially available accelerometer de-
vice can effectively handle both excitation modes in a
physically small, cost-effective, direction insensitive, and
power efficient package.

BRIEF SUMMARY

[0005] An embodiment of an omnidirectional acceler-
ometer device is provided. The omnidirectional acceler-
ometer device includes a piezoelectric sensor element
and a proof mass. The piezoelectric sensor element has
an electrically conductive support substrate, a layer of
piezoelectric material overlying the support substrate,
and a plurality of electrically conductive sensor elec-
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trodes overlying the piezoelectric material. The piezoe-
lectric sensor element also includes a mass-supporting
platform and a plurality of mass-supporting arms. Each
of the sensor electrodes is located on a corresponding
one of the mass-supporting arms, and the proof mass is
coupled to the mass-supporting platform.

[0006] Also provided is an embodiment of a portable
medical device. The portable medical device includes a
circuit board and an accelerometer device mechanically
and electrically coupled to the circuit board. The accel-
erometer device includes: a plurality of mass-supporting
arms for a plurality of electrically distinct sensor elec-
trodes, each of the mass-supporting arms having one of
the sensor electrodes located thereon; piezoelectric ma-
terial for the mass-supporting arms; and a proof mass
supported by the mass-supporting arms, wherein accel-
eration of the proof mass causes deflection of the piezo-
electric material, which generates respective sensor sig-
nals atone or more of the sensor electrodes. The portable
medical device also includes a response module coupled
to the accelerometer device. The response module is
configured to initiate an acceleration-dependent opera-
tion of the portable medical device in response to gen-
erated sensor signals present at the sensor electrodes.
[0007] Another embodiment of an omnidirectional ac-
celerometer device is also provided. This embodiment
of the accelerometer device includes a piezoelectric sen-
sor element comprising a mass-supporting platform and
a plurality of mass-supporting arms for a plurality of elec-
trically distinct sensor electrodes. Each of the mass-sup-
porting arms extends from the mass-supporting platform,
and each of the mass-supporting arms has one of the
sensor electrodes formed thereon. The accelerometer
device also includes a connecting rod having a mounting
end, a mass end, and a longitudinal length defined be-
tween the mounting end and the mass end, the mounting
end being coupled to the mass-supporting platform. The
accelerometer device also has a proof mass coupled to
the mass end of the connecting rod, wherein acceleration
of the proof mass causes deflection of the mass-support-
ing arms, which generates distinct sensor signals at the
sensor electrodes. The longitudinal length of the con-
necting rod is tuned in accordance with a predetermined
parallel acceleration sensitivity for the omnidirectional
accelerometer device. Moreover, each of the sensor
electrodes has a longitudinal sensor length along its re-
spective mass-supporting arm, and the longitudinal sen-
sor length is tuned in accordance with a predetermined
perpendicular acceleration sensitivity for the omnidirec-
tional accelerometer device.

[0008] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the subject
matter may be derived by referring to the detailed de-
scription and claims when considered in conjunction with
the following figures, wherein like reference numbers re-
fer to similar elements throughout the figures.

FIG. 1 is a plan view of an exemplary embodiment
of a wireless monitor/controller for an infusion pump;
FIG. 2 is a plan view of an exemplary embodiment
of an infusion pump and a related infusion set;

FIG. 3 is a schematic representation of a medical
device, which may be realized as an infusion pump,
a controller device, or a monitor device;

FIG. 4 is a perspective view of an exemplary embod-
iment of an accelerometer assembly that is suitable
for use with a portable medical device;

FIG. 5is an exploded perspective view of the accel-
erometer assembly shown in FIG. 4;

FIG. 6 is a top view of a portion of the accelerometer
assembly shown in FIG. 4;

FIG. 7 is a cross-sectional view of the accelerometer
assembly as viewed along line 7-7 in FIG. 6;

FIG. 8 is a cross-sectional view of an exemplary sub-
strate from which a piezoelectric sensor element can
be formed;

FIG. 9 is a top view of an exemplary embodiment of
a piezoelectric sensor element;

FIG. 10 is a schematic representation of an exem-
plary embodiment of an accelerometer signal
processing module; and

FIG. 11 is a flow chart that illustrates an embodiment
of an accelerometer-based control process suitable
for use with a portable medical device.

DETAILED DESCRIPTION

[0010] The following detailed description is merely il-
lustrative in nature and is not intended to limit the em-
bodiments of the subject matter or the application and
uses of such embodiments. As used herein, the word
"exemplary" means "serving as an example, instance, or
illustration." Any implementation described herein as ex-
emplary is not necessarily to be construed as preferred
or advantageous over other implementations. Further-
more, there is no intention to be bound by any expressed
or implied theory presented in the preceding technical
field, background, brief summary or the following detailed
description.

[0011] The following description may refer to elements
or nodes or features being "connected" or "coupled" to-
gether. As used herein, unless expressly stated other-
wise, "coupled" means that one element/node/feature is
directly orindirectly joined to (or directly orindirectly com-
municates with) another element/node/feature, and not
necessarily mechanically.

[0012] In addition, certain terminology may also be
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used in the following description for the purpose of ref-
erence only, and thus are not intended to be limiting. For
example, terms such as "upper", "lower", "above", and
"below" might refer to directions in the drawings to which
reference is made. Terms such as "front", "back", "rear",
"side", "outboard", and "inboard" may be used to describe
the orientation and/or location of portions of a component
within a consistent but arbitrary frame of reference which
is made clear by reference to the text and the associated
drawings describing the component under discussion.
Such terminology may include the words specifically
mentioned above, derivatives thereof, and words of sim-
ilarimport. Similarly, the terms "first", "second", and other
such numerical terms referring to structures do not imply
a sequence or order unless clearly indicated by the con-
text.

Medical Device Embodiment

[0013] The systems, methods, and technologies de-
scribed below can be implemented in an electronic de-
vice having one or more accelerometer devices incorpo-
rated therein. Although the subject matter described here
is applicable to any accelerometer-enabled electronic
device, the exemplary embodiments are implemented in
the form of medical devices, such as portable electronic
medical devices. The described medical devices may be
associated with a single patient or with multiple patients.
The medical devices may be designed to treat one or
more different medical conditions, and each medical de-
vice might have a specific function in the context of an
overall patient treatment or healthcare plan. The non-
limiting examples described below relate to a medical
device system used to treat diabetes, although embodi-
ments of the disclosed subject matter are not so limited.
[0014] The subject matter described here is related to
accelerometers and their use with portable electronic de-
vices such as medical devices. Although many different
applications are possible, the following description focus-
es on an infusion system deployment. For the sake of
brevity, conventional techniques related to infusion sys-
tem operation, insulin pump and/or infusion set opera-
tion, blood glucose sensing and monitoring, signal
processing, data transmission, signaling, network con-
trol, and other functional aspects of the systems (and the
individual operating components of the systems) may not
be described in detail here. Examples of infusion pumps
and/or communication options may be of the type de-
scribed in, but not limited to, United States patent num-
bers: 4,562,751; 4,685,903; 5,080,653; 5,505,709;
5,097,122; 6,554,798; 6,558,320, 6,558,351; 6,641,533;
6,659,980; 6,752,787; 6,817,990; and 6,932,584, which
are herein incorporated by reference. Examples of glu-
cose sensing and/or monitoring devices maybe be of the
type described in, but not limited to, United States patent
numbers: 6,484,045; 6,809,653; 6,892,085; and
6,895,263, which are herein incorporated by reference.
[0015] A device in an insulin infusion system repre-
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sents one non-limiting example of an accelerometer-en-
abled medical device that can respond, take action, or
be controlled using one or more onboard accelerometer
devices. An insulin infusion system controls the infusion
of insulin into the body of a user, and such a system may
include a number of devices that communicate (unidirec-
tional or bidirectional) with each other. For example, one
exemplary embodiment of an insulin infusion system
mightinclude, without limitation: an insulin infusion pump;
at least one physiological characteristic sensor, which
may be realized as a continuous glucose sensor trans-
mitter; and one or more wireless controller devices. An
insulin infusion system may also include or cooperate
with a glucose meter that provides glucose meter data,
an infusion set for the insulin infusion pump, and an in-
sulin reservoir (or other means for supplying insulin) for
the insulin infusion pump. Moreover, an insulin infusion
system may include, cooperate with, or communicate
with other devices and subsystems such as, without lim-
itation: a stationary monitor device (e.g., a bedside mon-
itor or a hospital monitor); a vehicle communication sys-
tem; a wireless-enabled watch that is compatible with the
insulin infusion system; etc. Any one (or more) of the
devices within an insulin infusion system could leverage
the accelerometer designs and related techniques and
methodologies presented here.

[0016] FIG. 1 is a plan view of an exemplary embodi-
ment of a wireless monitor/controller 100 for an infusion
pump, and FIG. 2 is a plan view of exemplary embodi-
ments of an infusion pump 200 and a related infusion set
202. In practice, the components of an insulin infusion
system can be realized using different platforms, de-
signs, and configurations, and the embodiments shown
in FIG. 1 and FIG. 2 are not exhaustive or limiting. More-
over, as mentioned previously, other devices in an infu-
sion system, other medical devices designed to address
other patient needs, and other portable electronic devic-
es could utilize the accelerometer device presented here.
The wireless monitor/controller 100 and the infusion
pump 200 are merely two exemplary embodiments.
[0017] Referring now to FIG. 1, the wireless moni-
tor/controller 100 is designed as a portable device that
can be carried or worn by a user. This particular embod-
iment includes a human-machine interface (HMI) that in-
cludes buttons 102 and a directional pad 104 that can be
manipulated by the user. This embodiment also employs
a touch screen display element 106 that is responsive to
touching and/or physical proximity of an object. The touch
screen display element 106 can be used to present var-
ious types of information or data to the user, such as,
without limitation: the current glucose level of the patient;
the time; a graph or chart of the patient’s glucose level
versus time; device status indicators; alert messages;
visual alert indicators; etc.

[0018] The buttons 102, directional pad 104, and touch
screen display element 106 can be used to administer a
bolus of insulin, to change therapy settings, to change
user preferences, to select display features, to set or dis-
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able alarms and reminders, and the like. As described in
more detail below, one or more of these functions could
alternatively (or additionally) be controlled viaan onboard
accelerometer device that is contained within the outer
housing 108 of the wireless monitor/controller 100. De-
pending upon the configuration settings, options, and/or
user preferences, the wireless monitor/controller 100 can
be manipulated using the buttons 102 only, the touch
screen display element 106 only, an onboard accelerom-
eter device, or any combination thereof.

[0019] Although notclearly depictedin FIG. 1, the wire-
less monitor/controller 100 may include a number of fea-
tures, devices, and/or elements that support alerting or
alarm schemes. In this regard, the wireless monitor/con-
troller 100 can be provided with one or more alert gen-
erating elements that provide feedback to the user as
needed during operation of the wireless monitor/control-
ler 100. An alert generating element may be suitably con-
figured to generate one or more types of feedback, such
as, without limitation: audible feedback; visual feedback;
haptic (physical) feedback; or the like. Such feedback
can be produced by one or more devices, elements, or
features of the wireless monitor/controller 100. For ex-
ample, the wireless monitor/controller 100 may include
any number of the following alert generating elements,
without limitation: an audio transducer or speaker 110; a
display element (such as the touch screen display ele-
ment 106); a light-emitting element (such as an LED); a
haptic feedback or vibration element, which may be in-
tegrated into a display screen or into the touch screen
display element 106; etc.

[0020] Referring now to FIG. 2, the infusion pump 200
is configured to deliver insulin into the body of the patient
via, for example, the infusion set 202. In this regard, the
infusion pump 200 may cooperate with an insulin reser-
voir, which can be a replaceable or refillable fluid reser-
voir for the insulin. In certain embodiments, the infusion
pump 200 and/or the wireless monitor/controller 100 can
process received glucose sensor data in an appropriate
manner. For example, a device might display the current
glucose level derived from the received sensor data
and/or generate an alert or otherwise indicate low or high
glucose levels. As another example, a device may proc-
ess the received sensor data for purposes of calibration.
As yet another example, the infusion pump 200 may be
configured to activate its infusion mechanism in response
to the received glucose sensor data.

[0021] The illustrated embodiment of the infusion
pump 200 is designed to be carried or worn by the patient.
This particular embodiment includes a human-machine
interface (HMI) that includes several buttons that can be
activated by the user. These buttons can be used to ad-
minister a bolus of insulin, to change therapy settings, to
change user preferences, to select display features, and
the like. As described in more detail below, one or more
of these functions could alternatively (or additionally) be
controlled via an onboard accelerometer device. Al-
though not required, the illustrated embodiment of the
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infusion pump 200 includes a display element 220. The
display element 220 can be used to present various types
of information or data to the user, such as, without limi-
tation: the current glucose level of the patient; the time;
agraph or chart of the patient’s glucose level versus time;
device status indicators; visual alerts, alarms, reminders,
or notifications; etc. In some embodiments, the display
element 220 is realized as a touch screen display ele-
ment. Moreover, the infusion pump 200 could include
one or more alert generation elements that support var-
ious alarm/alert schemes. In this regard, the relevant de-
scription of the alert/alarm related features and functions
of the wireless monitor/controller 100 also applies in an
equivalent manner to the infusion pump 200, and such
description will not be repeated here for the infusion pump
200.

[0022] FIG. 3 is a schematic representation of a med-
ical device 300, which may be realized as an infusion
pump, a therapy delivery device, a monitor, or a controller
device suitable for use in a medical device system. The
illustrated embodiment of the medical device 300 repre-
sents a "full-featured" version; a practical embodiment
need not include all of the features, modules, compo-
nents, and elements depicted in FIG. 3.

[0023] This particular embodiment of the medical de-
vice 300 generally includes, without limitation: a process-
ing architecture 302, processor, or processor arrange-
ment; a display element 304; at least one human-ma-
chine interface (HMI) element 306; a suitable amount of
memory 308; an accelerometer device 310; an acceler-
ometer signal processing module 312; an accelerometer
response module 314; infusion pump hardware, soft-
ware, and applications 316 (included if the medical de-
vice 300 includes infusion pump functionality, and omit-
ted if the medical device 300 does not include infusion
pump functionality); controller hardware, software, and
applications 318 (included if the medical device 300 in-
cludes controller functionality, and omitted if the medical
device 300 does not include controller functionality);
monitor hardware, software, and applications 320 (in-
cluded if the medical device 300 includes monitor func-
tionality, and omitted if the medical device 300 does not
include monitor functionality); an alert module 322; and
one or more alertgenerating elements 324. The elements
of the medical device 300 may be coupled together via
a bus 326 or any suitable interconnection architecture or
arrangement that facilitates transfer of data, commands,
power, etc.

[0024] Those of skill in the art will understand that the
various illustrative blocks, modules, circuits, and
processinglogic describedin connection with the medical
device 300 (and other devices, elements, and compo-
nents disclosed here) may be implemented in hardware,
computer software, firmware, a state machine, or any
combination of these. To clearly illustrate this inter-
changeability and compatibility of hardware, firmware,
and software, various illustrative components, blocks,
modules, circuits, and processing steps may be de-
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scribed generally in terms of their functionality. Whether
such functionality is implemented as hardware, firmware,
a state machine, or software depends upon the particular
application and design constraints imposed on the em-
bodiment. Those familiar with the concepts described
here may implement such functionality in a suitable man-
ner for each particular application, but such implemen-
tation decisions should not be interpreted as being re-
strictive or limiting.

[0025] The processing architecture 302 may be imple-
mented or performed with a general purpose processor,
a content addressable memory, a digital signal proces-
sor, an application specific integrated circuit, a field pro-
grammable gate array, any suitable programmable logic
device, discrete gate or transistor logic, discrete hard-
ware components, or any combination designed to per-
form the functions described here. A processor device
may be realized as a microprocessor, a controller, a mi-
crocontroller, or a state machine. Moreover, a processor
device may be implemented as a combination of com-
puting devices, e.g., acombination of a digital signal proc-
essor and a microprocessor, a plurality of microproces-
SOrs, one or more microprocessors in conjunction with a
digital signal processor core, or any other such configu-
ration.

[0026] The processing architecture 302 may include
one processor device or a plurality of cooperating proc-
essor devices. Moreover, a functional or logical mod-
ule/component of the medical device 300 might actually
be realized or implemented with the processing architec-
ture 302. For example, the accelerometer signal process-
ing module 312, the accelerometer response module
314, and/or the alert module 322 may be implemented
in, or be executed by, the processing architecture 302.
[0027] The display element 304 represents a primary
graphical interface of the medical device 300. The display
element 304 may leverage known CRT, plasma, LCD,
TFT, and/or other display technologies. The actual size,
resolution, and operating specifications of the display el-
ement 304 can be selected to suit the needs of the par-
ticular application. Notably, the display element 304 may
include or be realized as a touch screen display element
that can accommodate touch screen techniques and
technologies. In practice, the display element 304 could
be used to display physiological patient data, status in-
formation for infusion pumps, status information for con-
tinuous glucose sensor transmitters, clock information,
alarms, alerts, and/or otherinformation and datareceived
or processed by the medical device 300.

[0028] HMI elements 306 represent the user interface
features of the medical device 300. Thus, HMI elements
306 may include a variety of items such as, without lim-
itation: a keypad, keys, buttons, a keyboard, switches,
knobs (which may be rotary or push/rotary), a touchpad,
a microphone suitably adapted to receive voice com-
mands, a joystick, a pointing device, an alphanumeric
character entry device or touch element, a trackball, a
motion sensor, a lever, a slider bar, a virtual writing tablet,
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or any device, component, or function that enables the
user to select options, input information, or otherwise
control the operation of the medical device 300. As will
become apparent from the following description, the ac-
celerometer device 310 could also serve as an HMI ele-
ment in certain situations. The medical device 300 can
detect manipulation of, or interaction with, the HMI ele-
ments 306 and react in an appropriate manner. For ex-
ample, a user could interact with the HMI elements 306
to control the delivery of therapy (e.g., insulin infusion)
to a patientvia a therapy delivery device under the control
of the medical device 300.

[0029] The memory 308 may be realized as RAM
memory, flash memory, EPROM memory, EEPROM
memory, registers, a hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. In this regard, the memory 308 can be coupled to the
processing architecture 302 such that the processing ar-
chitecture 302 can read information from, and write in-
formation to, the memory 308. In the alternative, the
memory 308 may be integral to the processing architec-
ture 302. As an example, the processing architecture 302
and the memory 308 may reside in an ASIC. A functional
or logical module/component of the medical device 300
might be realized using program code that is maintained
in the memory 308. For example, the accelerometer sig-
nal processing module 312, the accelerometer response
module 314, and/or the alert module 322 may have as-
sociated software program components that are stored
in the memory 308. Moreover, the memory 308 can be
used to store data utilized to support the operation of the
medical device 300, as will become apparent from the
following description.

[0030] The accelerometer device 310 functions to
measure the acceleration it experiences. Such acceler-
ation may be caused by motion, shaking, or user handling
of the medical device 300, physical activity of the user,
impacts caused by handling or dropping the medical de-
vice 300, or the like. The embodiments of the acceler-
ometer device 310 described below are omnidirectional
in that they are capable of sensing acceleration in all
directions. Moreover, certain embodiments of the accel-
erometer device 310 utilize a monolithic sensor element
that can be fabricated easily and in a cost-efficient man-
ner. In practice, the accelerometer device 310 is realized
as an integrated component of the medical device 300,
and the accelerometer device 310 can be protected with-
in the outer housing of the medical device 300.

[0031] The accelerometer signal processing module
312is coupled to the accelerometer device 310 such that
it can receive and process the raw sensor signals that
are generated by the accelerometer device 310. The ac-
celerometer signal processing module 312 may include
or operate with any number of signal processing sub-
modules that are suitably configured to process the ac-
celerometer sensor signals in an appropriate manner to
support the various functions and features of the medical
device 300. For example, the accelerometer signal
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processing module 312 may include or cooperate with a
first signal processing sub-module that processes the
sensor signals for human activity monitoring, and a sec-
ond signal processing sub-module that processes the
sensor signals for impact detection purposes.

[0032] In certain implementations, the accelerometer
signal processing module 312 generates control signals,
commands, or instructions in response to the accelerom-
eter sensor signals. These control signals, commands,
or instructions can then be provided to the accelerometer
response module 314, which reacts in an appropriate
manner. For example, the accelerometer response mod-
ule 314 may be configured to initiate an acceleration-
dependent operation of the medical device 300 in re-
sponse to the sensor signals generated by the acceler-
ometer device 310. In this regard, the accelerometer re-
sponse module 314 could initiate an alert operation when
the accelerometer signal processing module 312 deter-
mines that the accelerometer device 310 has been sub-
jected to an impact that exceeds a designated impact
threshold. This feature can be used to notify the user or
a technician when the medical device 300 has been
dropped or otherwise subjected to a potentially damaging
impact. If the accelerometer signal processing module
312 is designed to generate an estimated human activity
metric based on the accelerometer sensor signals, then
the accelerometer response module 314 could initiate a
function that is influenced by the human activity metric.
For example, if the accelerometer signal processing
module 312 detects a significant amount of physical ac-
tivity, then the accelerometer response module 314 might
initiate certain monitoring functions, initiate delivery of
therapy, initiate an adjustment of infusion parameters, or
the like.

[0033] The infusion pump hardware, software, and ap-
plications 316 are utilized to carry out features, opera-
tions, and functionality that might be specific to an insulin
pump implementation. Again, the infusion pump hard-
ware, software, and applications 316 need not be de-
ployed if the medical device 300 does notinclude infusion
pump functionality. Notably, the infusion pump hardware,
software, and applications 316 may include or cooperate
with an infusion set and/or a fluid reservoir (not shown).
The infusion pump hardware, software, and applications
316 may leverage known techniques to carry out con-
ventional infusion pump functions and operations, and
such known aspects will not be described in detail here.
[0034] The controller hardware, software, and applica-
tions 318 are utilized to carry out features, operations,
and functionality that might be specific to a medical de-
vice controller implementation. Again, the controller
hardware, software, and applications 318 need not be
deployed if the medical device 300 is realized as a med-
ical device having no native control capabilities. The con-
troller hardware, software, and applications 318 may lev-
erage known techniques to carry out conventional con-
troller device functions and operations, and such known
aspects will not be described in detail here.
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[0035] The monitor hardware, software, and applica-
tions 320 are utilized to carry out features, operations,
and functionality that might be specific to a medical de-
vice monitor implementation. The monitor hardware,
software, and applications 320 need not be deployed if
the medical device 300 is realized as a medical device
having no native monitor capabilities. The monitor hard-
ware, software, and applications 320 may leverage
known techniques to carry out conventional monitor de-
vice functions and operations, and such known aspects
will not be described in detail here.

[0036] The alert module 322 is suitably configured to
detectalert conditions, alarm conditions, notification con-
ditions, reminder conditions, and/or other conditions that
trigger or otherwise prompt the medical device 300 to
generate corresponding alerts, alarms, notifications, re-
minders, flags, or the like. In certain embodiments, the
conditions detected by the alert module 322 are associ-
ated with the operation, status, state, functionality, or
characteristics of the medical device 300. Thus, the alert
module 322 could be suitably configured to detect one
or more of the following conditions, without limitation: low
BG level; high BG level; insulin reservoir low; replace
infusion set; low battery; alarm clock; user-entered re-
minder; or the like. In certain embodiments, the alert mod-
ule 322 cooperates with the accelerometer device 310,
the accelerometer signal processing module 312, and
the accelerometer response module 314 to respond to
detected physical activity and/or detected physical im-
pacts. The conditions detected by the alert module 322
could also be associated with the operation, status, state,
functionality, or characteristics of another device, sys-
tem, or subsystem that communicates with the medical
device 300. Alternatively (or additionally), the conditions
detected by the alert module 322 could be associated
with a user or an operator of the medical device 300 (or
a user or operator of a device that communicates with
the medical device 300). Alternatively (or additionally),
the conditions detected by the alert module 322 could be
associated with user-entered information, e.g., personal
reminders, notes, etc.

[0037] The alert generating elements 324 can execute
an alerting scheme for an alert condition, under the con-
trol of the alert module 322. In practice, the preferred
alerting scheme for a given alert, alarm, reminder, or no-
tification may involve one alert generating element 324
(e.g., aspeaker) or a plurality of different alert generating
elements 324 (e.g., a speaker and a display). Depending
upon the implementation, the medical device 300 might
employ one or more of the following types of alert gen-
erating elements 324, individually or in any combination,
and without limitation: an audio transducer or speaker; a
display element (such as a touch screen display ele-
ment); a light-emitting element (such as an LED); a haptic
feedback or vibration element, which may be integrated
into a display screen or into the touch screen display
element; etc.
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Monolithic Omnidirectional Accelerometer Device - De-
sign

[0038] Accelerometers in wearable medical devices
are typically used for at least two functions: human ac-
tivity monitoring and the detection of potentially damag-
ing impact to the host medical device. Exemplary em-
bodiments of the subject matter described here relate to
the mechanical and electrical principles and design of an
accelerometer device that can perform both human ac-
tivity monitoring and impact detection for a portable med-
ical device. Power and space efficiency is realized using
certain materials and geometries for the accelerometer
device components. Furthermore, the accelerometer de-
vice can be implemented such that it has equal (or virtu-
ally equal) sensitivity to acceleration in all directions.
Such omnidirectionality is desirable for a wearable med-
ical device that can be physically oriented in various di-
rections depending upon how the user wears (or carries)
it, and depending upon the physical positioning of the
user. Moreover, signal conditioning and processing for
the accelerometer device is such that asynchronous
events such as impact can be captured without requiring
constant monitoring of the accelerometer output signals.
[0039] An embodiment of the accelerometer device
described here can be manufactured in a cost effective
manner and with a monolithic design, a small footprint,
and a low profile, which is appropriate for portable or
wearable medical device deployments. An embodiment
of the accelerometer device described here can also be
implemented in a power efficient manner. This feature is
desirable for portable medical devices thathave very tight
power budget constraints (because such medical devic-
es may need to perform reliably without powering down
for days or weeks at a time). In this regard, the acceler-
ometer device employs passive signal generation (due
to its use of a piezoelectric element). In addition, the ac-
celerometer device could utilize an analog signal buffer
that reduces microprocessor use and, consequently, re-
duces power consumption.

[0040] FIG. 4 is a perspective view of an exemplary
embodiment of an accelerometer assembly 400 that is
suitable for use with a portable medical device, FIG. 5 is
an exploded perspective view of the accelerometer as-
sembly 400, FIG. 6 is a top view of a portion of the ac-
celerometer assembly 400, and FIG. 7 is a cross-sec-
tional view of the accelerometer assembly 400 as viewed
along line 7-7 in FIG. 6. The accelerometer device 310
depicted in FIG. 3 could be implemented using the ac-
celerometer assembly 400. This particular embodiment
of the accelerometer assembly 400 includes a circuit
board 402 and an accelerometer device 404 that is me-
chanically and electrically coupled to the circuit board
402. The circuit board 402 is formed in accordance with
conventional techniques and technologies. Forinstance,
the circuit board 402 could be realized using common
FR-4 or similar substrates. This embodiment of the ac-
celerometer assembly 400 uses five electrical contact
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ports 406 on the circuit board 402: one contact port 406e
for each sensor electrode and one contact port 406g for
electrical ground. The circuit board 402 may also include
a printed conductor and/or a printed contact pad (which
may be located on the surface of the circuit board 402 or
embedded within the circuit board 402) corresponding to
each contact port 406. This embodiment has four contact
pads 408 (one for each sensor electrode), and one
ground contact pad 410. In addition, this embodiment
includes four printed conductors 412 that provide con-
ductive paths to their respective contact ports 406.
[0041] The accelerometer device 404 is electrically
and mechanically coupled to the circuit board 402 at a
number of locations, namely, at or near each of the four
contact pads 408 and at or near the ground contact pad
410. In practice, the accelerometer device 404 could be
attached to the circuit board 402 using an electrically con-
ductive adhesive, solder, welding agent, bonding agent,
or the like. Alternatively (or additionally), fasteners, a
press-fit engagement, clamps, or other mechanisms or
features could be used to electrically and mechanically
couple the accelerometer device 404 to the circuit board
402. The electrical connections are used to obtain the
raw sensor signals from the accelerometer device 404
and to route those signals to, for example, the acceler-
ometer signal processing module.

[0042] Referring to FIGS. 5-7, the illustrated embodi-
ment of the accelerometer device 404 has a proof mass
420; a connecting rod 422; and a piezoelectric sensor
element 424. The accelerometer device 404 may also
employ an electrically conductive offset block 426 and a
fastener 428. The connecting rod 422 mechanically cou-
ples the proof mass 420 to the piezoelectric sensor ele-
ment 424 and holds the proof mass 420 above the sur-
face of the piezoelectric sensor element 424 at a speci-
fied height. In certain embodiments, the connecting rod
422 isrealized as a threaded bolt having a mounting end,
a mass end, and a longitudinal length that is defined be-
tween the mounting end and the mass end. The connect-
ing rod 422 is installed by passing it through a hole 430
formed in the piezoelectric sensor element 424, such that
the mounting end of the connecting rod 422 is coupled
to the piezoelectric sensor element 424. The fastener
428 (e.g., a lock nut) can then be threaded onto the con-
necting rod 422 until the connecting rod 422 is secured
to the piezoelectric sensor element 424 (see FIG. 6).
[0043] The proof mass 420 may have a threaded hole
432 that can be threaded onto the mass end of the con-
necting rod 422. Thus, the proof mass 420 can be thread-
ed onto the connecting rod 422 until the proof mass 420
reaches the desired height. If necessary, the proof mass
420 can be secured in place on the connecting rod 422
using an adhesive, a bonding agent, a weld, solder, or
the like. In practice, the proof mass 420 may be within
the range of about 0.05 to 0.15 grams, although the spe-
cific quantity of mass could be more or less, depending
upon the embodiment. The proof mass 420 could be fab-
ricated from a variety of materials, depending upon the
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embodiment and the application. For example, the proof
mass 420 could be formed from aluminum, copper,
brass, stainless steel, tungsten, plastic, rubber, ceramic,
or the like.

[0044] The piezoelectric sensor element 424 is fabri-
cated as a monolithic component having a plurality of
different material layers. FIG. 8 is a cross-sectional view
of an exemplary substrate 500 from which the piezoelec-
tric sensor element 424 can be formed. The illustrated
substrate 500 includes an electrically conductive support
substrate 502, a layer of piezoelectric material 504 over-
lying the support substrate 502, and an electrically con-
ductive electrode material 506 overlying the piezoelectric
material 504. The support substrate 502 is formed from
arelatively stiff and electrically conductive material, such
as a beryllium copper material, an aluminum material, or
the like. In certain embodiments, the support substrate
502 has a thickness within the range of about 0.025 mm
to about 0.050 mm, although the thickness could be more
or less, depending upon the implementation.

[0045] The piezoelectric material 504 generates an
electric potential or charge in response to mechanical
stress applied thereto, as is well understood. The piezo-
electric material 504 can be, for example, a polyvinyli-
dene fluoride (PVDF) material, or any material with sim-
ilar piezoelectric properties. In certain embodiments, the
piezoelectric material 504 is realized as a thin sheet that
is bonded, glued, or otherwise adhered to the support
substrate 502. For example, the piezoelectric material
504 could be a sheet of PVDF material having a thickness
within the range of about 9 um to about 110 pwm, although
the actual thickness may be more or less, depending
upon the embodiment. A layer of epoxy 508 or other ad-
hesive or bonding agent can be used to affix the piezo-
electric material 504 to the support substrate 502. In prac-
tice, epoxy (or any suitable adhesive) can be applied be-
tween the piezoelectric material 504 and the support sub-
strate 502, and the assembly can then be heat pressed
to adhere the piezoelectric material 504 onto the support
substrate 502. Thereafter, the conductive electrode ma-
terial 506 can be formed overlying the piezoelectric ma-
terial 504. In certain embodiments, the conductive elec-
trode material 506 is a metal material that is deposited
(for example, by sputtering) onto the exposed surface of
the piezoelectric material 504. The metal used for the
conductive electrode material 506 may be silver, gold, or
the like, and the conductive electrode material 506 has
a thickness within the range of about 1 uwm to about 10
pm (although the actual thickness could be outside this
typical range, depending upon the embodiment). The
substrate 500 depicted in FIG. 8 is obtained after depo-
sition of the conductive electrode material 506.

[0046] After fabricating the substrate 500, the layer of
conductive electrode material is processed to form a plu-
rality of electrically conductive sensor electrodes overly-
ing the piezoelectric material 504. The sensor electrodes
can be formed by laser etching a desired pattern into the
conductive electrode material 506, by selective chemical
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etching, or the like. For this particular embodiment, the
conductive electrode material 506 is selectively removed
while the underlying piezoelectric material 504 remains
intact. As a result of this processing step, separate and
distinct electrical sensing nodes are created for the pie-
zoelectric sensor element. In other words, each of the
plurality of sensor electrodes can serve as an independ-
ent sensor for the accelerometer device. After the sensor
electrodes have been created, the substrate 500 can be
stamped, cut, or otherwise processed to form the piezo-
electric sensor element.

[0047] FIG. 9 is a top view of an exemplary embodi-
ment of the piezoelectric sensor element 424. This pie-
zoelectric sensor element 424 includes four electrically
conductive sensor electrodes 440, which overlie the pi-
ezoelectric material (not shown in FIG. 9). Each of the
sensor electrodes 440 is located on a respective mass-
supporting arm 442 of the piezoelectric sensor element
424. The mass-supporting arms 442 extend from a mass-
supporting platform 444 of the piezoelectric sensor ele-
ment 424. For this embodiment, any two adjacent mass-
supporting arms 442 are orthogonal, the four mass-sup-
porting arms 442 form a symmetric pattern, and all of the
mass-supporting arms 442 have the same dimensions.
In certain embodiments, the length of each mass-sup-
porting arm 442 is within the range of about 1 mm to
about 1.6 mm, although other lengths could be used de-
pending on the desired application. Although adjacent
mass-supporting arms 442 are orthogonal here, they
could be configured to define any chosen separation an-
gle for the piezoelectric sensor element424. Notably, the
sensor electrodes 440 are electrically and physically dis-
tinct and separate from one another. In other words, no
two sensor electrodes 440 are directly electrically con-
nected together. Consequently, the upper surface of the
mass-supporting platform 444 (i.e., the area void of stip-
pling as depicted in FIG. 9) is non-conductive in this em-
bodiment.

[0048] Although the exemplary embodiment utilizes
four mass-supporting arms 442 (for ease of production
and assembly), any number of mass-supporting arms
and respective sensor electrodes could be used, as long
as that number is greater than or equal to three. In this
regard, three mass-supporting arms and three corre-
sponding sensor electrodes is the minimum number re-
quired to obtain three-axis sensitivity.

[0049] The piezoelectric sensor element 424 includes
the hole 430 formed in the mass-supporting platform 444.
As mentioned above with reference to FIG. 5, the hole
430 serves as a mounting hole for the mounting end of
the connecting rod 422 (not shown in FIG. 9). Thus, the
mass-supporting platform 444 holds and supports the
proof mass 420 above the piezoelectric sensor element
424. Accordingly, the proof mass 420 will be centrally
located relative to the mass-supporting arms 442, and
the mass-supporting arms 442 will be symmetrically po-
sitioned relative to the proof mass 420. This particular
embodiment includes a support structure 446, which re-
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sembles a square-shaped ring. This support structure
446 may be desirable to provide additional rigidity and
mechanical support to the mass-supporting arms 442.
The size of the support structure 446 may also be re-
duced to save space by removing some or all material
that is not directly below the film. In operation, accelera-
tion of the proof mass 420 causes deflection of the pie-
zoelectric material, which in turn generates respective
sensor signals at one or more of the sensor electrodes
440. The stiffness (e.g., the modulus of elasticity) of the
piezoelectric sensor element 424 will influence the sen-
sitivity of the accelerometer device 404. In practice, the
modulus of elasticity of the piezoelectric sensor element
424 could be within the range of about 100 Gpa to about
200 Gpa, although the modulus could be more or less,
depending upon the specific implementation. Again,
since four sensor electrodes 440 are utilized in this im-
plementation, acceleration of the proof mass 420 can
generate four distinct and detectable sensor signals. The
sensor signals produced by the stressing of the piezoe-
lectric material can be detected, monitored, and proc-
essed in the manner described in more detail below.
[0050] Referring again to FIGS. 4-7, the piezoelectric
sensor element 424 is electrically and mechanically cou-
pled to the circuit board 402 such that the sensor signals
generated by the piezoelectric sensor element 424 can
be detected and processed. Inthis embodiment, the elec-
trically conductive offset block 426 couples the conduc-
tive support substrate of the piezoelectric sensor element
424 to the ground contact pad 410 of the circuit board
402 (see FIG. 4). The offset block 426 is formed from an
electrically conductive material such as copper, alumi-
num, beryllium copper, a plated ceramic, or the like. The
piezoelectric sensor element 424 and the offset block
426 can be soldered, bonded, fastened, clamped or oth-
erwise attached to the ground contact pad 410 to form
an electrically conductive junction and to mechanically
attach them together. In operation, the offset block 426
and the conductive support substrate of the piezoelectric
sensor element 424 correspond to a reference voltage
(e.g., ground or zero volts DC), which is established via
the electrical ground contact port 406g. The offset block
426 may also serve to physically maintain the piezoelec-
tric sensor element 424 above the surface of the circuit
board 402 to provide clearance for the mounting end of
the connecting rod 422 (see FIG. 7).

[0051] The ground plane of the piezoelectric sensor
element 424 is located on its lower surface (see FIG. 7
and FIG. 9). Each sensor electrode 440 is located on the
upper surface of a respective mass-supporting arm 442
of the piezoelectric sensor element424, and each sensor
electrode 440 corresponds to a respective sensor signal
voltage. The illustrated embodiment employs an electro-
mechanical mounting arrangement that is configured to
mechanically and electrically couple the sensor elec-
trodes 440 to the circuit board 402 (see FIG. 6 and FIG.
7). The illustrated embodiment of the mounting arrange-
mentincludes a plurality of electrically conductive mount-
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ing bases 450 (one for each sensor electrode 440) and
a plurality of electrically conductive mounting tabs 452
(one for each sensor electrode 440). The mounting bases
450 could berealized as surface mount components, and
electrically conductive epoxy or solder could be used to
mechanically and electrically join the mounting bases
450 and the mounting tabs 452 to their respective loca-
tions on the piezoelectric sensor element 424. Alterna-
tively, the mounting bases 450 and mounting tabs 452
could be realized as clamping or press-fit components
that need not rely on other material (such as epoxy or
solder). As shown in FIG. 7, each sensor electrode 440
of arespective mass-supporting arm 442 is mechanically
and electrically coupled to the circuit board 402 with one
of the mounting bases 450 and one of the mounting tabs
452. The mounting bases 450 are electrically coupled to
the conductive support substrate of the piezoelectric sen-
sor element 424, and each mounting tab 452 is electri-
cally coupled to a respective one of the sensor electrodes
440.

[0052] The mounting bases 450 can be electrically
coupled to the ground contact port 406g using conductive
traces in the circuit board 402. The mounting tabs 452
can be electrically coupled to a respective one of the
contact pads 408 and, in turn, to a respective one of the
electrode contact ports 406e (see FIG. 4). Thus, the sen-
sor signal potential for each sensor electrode 440 will be
present at its respective electrode contact port 406e on
the circuit board 402. The accelerometer signal process-
ing module 312 (see FIG. 3) and/or other modules of the
host electronic device can be connected to the contact
ports 406 to access, monitor, or process the sensor sig-
nals as needed.

Accelerometer Sensitivity Tuning

[0053] The sensitivity of the accelerometer device 404
can be tuned by changing certain electrical, mechanical,
or other characteristics of its components. For example,
it might be desirable to tune the sensitivity such that the
accelerometer device 404 has equal sensitivity in all di-
rections. Alternatively, it may be desirable to tune the
accelerometer device 404 such that it is more or less
sensitive in designated directions, relative to other direc-
tions.

[0054] As one tuning example, the overall major axis
length of the connecting rod 422 can be selected or de-
fined in accordance with a predetermined parallel accel-
eration sensitivity for the accelerometer device 404. In
this context, "parallel acceleration" refers to acceleration
inany directionthatis parallel to the plane thatis generally
defined by the piezoelectric sensor element 424. The
overall length of the connecting rod 422 can influence
the moment arm and, therefore, the amount of torque
experienced by the piezoelectric sensor element 424 in
response to parallel acceleration. Similarly, the adjusta-
ble height of the proof mass 420 along the connecting
rod 422 represents another parameter of the accelerom-
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eter device 404 that can be tuned for parallel acceleration
sensitivity. Moreover, the weight or mass of the proof
mass 420 is another tunable parameter of the acceler-
ometer device 404 that affects the parallel acceleration
sensitivity (the weight/mass of the proof mass 420 also
influences the perpendicular or axial acceleration sensi-
tivity of the accelerometer device 404).

[0055] As another example, the dimensions and/or
other electromechanical characteristics of the mass-sup-
porting arms 442 could be varied (if desired) to adjust
the sensitivity of the accelerometer device relative to dif-
ferent directions or axes. In this regard, the piezoelectric
sensor element 424 depicted in FIG. 9 could be tuned
such that the two vertical mass-supporting arms 442 are
smaller than the two horizontal mass-supporting arms
442. With such tuning, the piezoelectric sensor element
424 will be more sensitive to acceleration in the vertical
direction and less sensitive to acceleration in the hori-
zontal direction. Likewise, the stiffness (e.g., the modulus
of elasticity) of the piezoelectric sensor element 424 or
the individual mass-supporting arms 442 can be adjusted
or selected as desired to influence the sensitivity of the
accelerometer device 404.

[0056] The dimensions, shape, and size of the sensor
electrodes 440 and the underlying piezoelectric material
also plays an important role in tuning the sensitivity of
the accelerometer device 404. The electromechanical
characteristics and properties of the sensor electrodes
440 and piezoelectric material can be tuned or designat-
ed to make the accelerometer device 404 more or less
responsive to acceleration, and/or to adjust the direction-
al sensitivity of the accelerometer device 404 as needed.
For example, the longitudinal sensor length of each sen-
sor electrode 440 along its respective mass-supporting
arm 442 can be tuned in accordance with a predeter-
mined perpendicular (axial) acceleration sensitivity for
the accelerometer device 404. As used here, "perpen-
dicular acceleration" refers to an acceleration component
that is parallel to the longitudinal axis of the connecting
rod 422. Referring to FIG. 9, the perpendicular acceler-
ation component will be in the direction into and out of
the page.

Monolithic Omnidirectional Accelerometer Device - Sig-
nal Processing

[0057] When the accelerometer device 404 is subject-
ed to acceleration perpendicular to the plane of the pie-
zoelectric sensor element 424, the proof mass 420 push-
es or pulls on the mass-supporting platform 444, causing
the four mass-supporting arms 442 to flex so as to pro-
duce a counterforce equal to the force that results from
the acceleration. The amount of flexing of the mass-sup-
porting arms 442 is thus proportional to the amount of
acceleration experienced by the proof mass 420. When
the accelerometer device 404 is subjected to accelera-
tion parallel to the plane of the piezoelectric sensor ele-
ment 424, the proof mass 420 rotates about its attach-
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ment point at the mass-supporting platform 444. This
causes the mass-supporting arms 442 to flex so as to
produce a counter torque equal to the torque caused by
the moment arm of the connecting rod 422 and the force
caused by acceleration of the proof mass 420. Therefore,
the rotation of the mass-supporting arms 442 is propor-
tional to the acceleration experienced by the proof mass
420 modified by the length of the moment arm associated
with the connecting rod 422. Notably, acceleration of the
host device in any direction will produce some mechan-
ical distortion of at least one of the four mass-supporting
arms 442.

[0058] As described above with reference to FIG. 3,
the output of the accelerometer can be processed by the
accelerometer signal processing module 312. In this re-
gard, FIG. 10 is a schematic representation of an exem-
plary embodiment of an accelerometer signal processing
module 600, which is suitable for use with an accelerom-
eter-enabled medical device. The accelerometer signal
processing module 600 may be described herein in terms
of functional and/or logical block components, and with
reference to symbolic representations of operations,
processing tasks, and functions that may be performed
by electronic circuits, components, computing compo-
nents, or devices.

[0059] The illustrated embodiment of the accelerome-
ter signal processing module 600 includes, without limi-
tation: a sensor signal input element 602; an amplifi-
er/rectifier 604; a high pass filter 606; a voltage limiter
608; an integrator 610; and a peak and hold circuit 612.
The elements shown in FIG. 10 are utilized to process
the sensor signal from one of the fourindependent sensor
electrodes 440 of the accelerometer device 404. In prac-
tice, therefore, the accelerometer signal processing mod-
ule 600 may include four instantiations of the architecture
shown in FIG. 10 (one instantiation per sensor electrode
440). Moreover, the accelerometer signal processing
module 600 can concurrently process sensor signals in
parallel for all of the sensor electrodes 440.

[0060] The accelerometer signal processing module
600 may be implemented as two sub-modules, which
may be coupled in parallel to the sensor electrodes 440
of the accelerometer device. This allows the sub-mod-
ules to operate concurrently in parallel and to respond to
the accelerometer sensor signals in the manner de-
scribed here. The first sub-module is responsible for
monitoring and detecting relatively low impact physical
activity of the user, and the second sub-module is re-
sponsible for monitoring and detecting relatively high im-
pacts experienced by the host device. The first sub-mod-
ule includes the sensor signal input element 602, the am-
plifier/rectifier 604, the high pass filter 606, the voltage
limiter 608, and the integrator 610. The second sub-mod-
ule includes the sensor signal input element 602, the am-
plifier/rectifier 604, and the peak and hold circuit 612.
The first sub-module processes the sensor signals for
purposes of human activity monitoring, and the second
sub-module processes the sensor signals for purposes
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of impact detection.

[0061] The sensor signal input element 602 obtains
the sensor signal voltage from the respective sensor
electrode 440, and the amplifier/rectifier 604 generates
an amplified representation of the positive voltage por-
tions of the input voltage signal. The negative voltage
components are ignored or disregarded by the acceler-
ometer signal processing module 600 because the volt-
age waveform is approximately symmetric (i.e., a nega-
tive voltage spike follows a positive voltage spike of ap-
proximately the same magnitude) as the proof mass set-
tles.

[0062] The high pass filter 606 is designed to remove
any DC offset and low frequency components of the rec-
tified signal. In practice, the cutoff frequency of the high
pass filter 606 can be set at about two Hertz, since the
slowest human activity (e.g., walking) typically has a fre-
quency that exceeds two Hertz. The high pass filter 606
ensures that a single step of the user produces only one
voltage spike. The voltage limiter 608 limits the voltage
of the filtered signal such that high impact spikes are
disregarded. This allows the first sub-module to focus on
typical human activity monitoring (walking, running, jog-
ging). The output of the voltage limiter 608 is then fed to
the integrator 610, which is used to sum or accumulate
voltage or charge over time. In certain embodiments, the
integrator 610 is realized using one or more analog ca-
pacitors, which are desirable for low power applications.
The capacitor(s) accumulate the charge/voltage over a
designated period of time (e.g., one to five minutes),
which results in a stepped function that increases over
time. This type of accumulation is preferred so that the
accumulated charge/voltage can be preserved even
when the main processor is asleep or in a standby mode.
[0063] After the designated time period has elapsed,
the output of the integrator 610 is sent to another proc-
essor or controller element of the host device, and the
integrator 610 can be cleared. For example, the output
of the integrator 610 could be sent to the accelerometer
response module 314 (see FIG. 3) or to the main proc-
essor of the host device. The accumulated voltage can
thereafter be analyzed to determine a level of physical
activity for that time period, for example, the number of
steps taken per minute. The host device can then take
appropriate action if needed. For example, the host de-
vice could recommend an adjustment to the user’s infu-
sion parameters, it could suggest the intake of calories,
or it could recommend an insulin bolus.

[0064] For the second sub-module, the rectified signal
is routed to the peak and hold circuit 612. The peak and
hold circuit 612 is suitably configured to detect high im-
pact spikes or pulses in the rectified signal. This embod-
iment of the peak and hold circuit 612 updates and holds
the peak voltage level for a predetermined period of time.
After the designated time period has elapsed, the output
of the peak and hold circuit 612 is provided to another
processor or controller element of the host device, and
the peak and hold circuit 612 can be cleared. For exam-
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ple, the output of the peak and hold circuit 612 can be
sent to the accelerometer response module 314 (see
FIG. 3) or to the main processor of the host device. The
peak voltage can thereafter be compared to one or more
threshold levels to determine whether the host device
was subjected to a high impact and, if so, to what extent.
The host device can then take appropriate action if need-
ed. For example, the host device could generate an alert
or notification if it detects a high impact, or it could rec-
ommend a service inspection, or it could automatically
send a self-diagnosis report to the manufacturer of the
host device.

Accelerometer-Based Medical Device User Interface
Features

[0065] A medical device as described herein may be
suitably configured to support one or more operations
that are controlled, commanded, or otherwise influenced
by the output of an onboard accelerometer. Such accel-
erometer-based functions may involve, for example, the
accelerometer device 310, the accelerometer signal
processing module 312, and the accelerometer response
module 314 (see FIG. 3). In this regard, FIG. 11 is a flow
chartthatillustrates an embodiment of an accelerometer-
based control process 700 suitable for use with aportable
medical device. It should be appreciated that process
700 may include any number of additional or alternative
tasks, the tasks shown in FIG. 11 need not be performed
in the illustrated order, and process 700 may be incor-
porated into a more comprehensive procedure or proc-
ess having additional functionality not described in detail
herein. Moreover, an implementation of process 700
need not always perform all of the tasks shown in FIG.
11, and one or more of the illustrated tasks could be omit-
ted (if the overall operation and functionality of process
700 is maintained).

[0066] The illustrated embodiment of process 700 in-
cludes several tasks that are related to the setup and
initialization of the medical device. For example, the med-
ical device may need to be trained before it can carry out
accelerometer-linked operations. In this regard, a user
can train the medical device by physically manipulating
the device in a desired pattern (task 702) to obtain cor-
responding acceleration data, which can be recorded or
saved. The process 700 can then assign (task 704) cer-
tain operations, functions, or commands to respective
acceleration data. Thereafter, process 700 can create
and maintain (task 706) an appropriate list of accelerom-
eter-based operations, along with their associated accel-
eration data. This list of accelerometer-based operations
can be stored and maintained in the local memory ele-
ment of the medical device.

[0067] Task 704 can assign the operations in any de-
sired manner. For example, after recording a particular
manipulation pattern, task 704 could allow the user to
select an operation that will be linked to that particular
manipulation pattern. A manipulation pattern is any de-
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tectable movement, impact, motion, gesture, sequence
of movements, or the like, where the manipulation pattern
can be detected by the onboard accelerometer device.
In this regard, one manipulation pattern might be a se-
quence of vertical shakes, while another manipulation
pattern might be a sequence of horizontal taps on the
housing of the device. Yet another manipulation pattern
might be one shake (in any direction) followed by two
quick shakes. Another manipulation pattern might be
linked to a gesture or an imaginary path of motion for the
device. It should be appreciated that the specific form,
type, and/or mode of manipulation may vary, and that
the number of different manipulation patterns need not
be limited in any way. For example, a manipulation pat-
tern of three up-and-down shakes of the device could be
associated with a command to display the main menu of
the device, and a different manipulation pattern of two
shakes in rapid succession could be associated with a
command to activate a backlight on the display. In prac-
tice, the list of accelerometer-based operations could
contain any number of different operations, each being
associated with a different manipulation pattern.

[0068] Although a medical device could be suitably
configured to support any number of different acceler-
ometer-initiated operations, the embodiments described
here could maintain a list that contains therapy delivery
operations linked to certain manipulation patterns, a list
that contains display setting operations linked to respec-
tive manipulation patterns, and/or a list that contains
menu selection operations linked to respective manipu-
lation patterns. Different therapy delivery operations
cause the medical device to deliver oradminister different
types or amounts oftherapy to the patient (via the medical
device itself or via a therapy delivery device under the
control of the medical device). For example, one desig-
nated manipulation pattern might be used to initiate the
delivery of a first dosage of insulin, and another manip-
ulation pattern might initiate the delivery of a second dos-
age of insulin. A display setting operation may cause the
medical device to display arespective visual display, e.g.,
a chart, a graph, or the like. Thus, different modes of
accelerometer excitation, movement patterns, shaking
patterns, or motions can be used to switch the display of
the medical device. A menu selection operation may
cause the medical device to display a respective menu,
e.g., the home menu, a settings menu, a therapy pro-
gramming menu, or the like. Thus, commonly used men-
us can be linked to certain manipulation patterns to fa-
cilitate quick switching of menu screens.

[0069] After the medical device has been trained with
recorded acceleration data, the process 700 can be used
toinitiate or activate the accelerometer-based operations
in response to user manipulation of the device. For ex-
ample, the medical device can obtain a device manipu-
lation pattern (task 708) using the onboard accelerome-
ter. The obtained device manipulation pattern data can
then be analyzed to compare it to identifiable acceleration
data maintained in the list of accelerometer-based oper-
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ations (task 710). If the detected manipulation pattern
satisfies certain matching criteria (query task 712) for
saved acceleration data, then process 700 can perform,
initiate, or activate the respective acceleration-based op-
eration (task 714). The operation could be activated at
the medical device itself or, if the medical device is a
remote controller, then the remote controller could wire-
lessly transmit a control message to the device under its
control - upon receipt of the control message, the receiv-
ing device can then execute the designated operation.
If, however, the detected manipulation pattern data does
not match any of the previously trained acceleration data,
then process 700 may present an error message or sim-
ply exit without taking any action.

Accelerometer-Based Medical Device Therapy Adapta-
tion

[0070] One or more accelerometer devices onboard a
wearable medical device could also be used to estimate
physical activity of the user and, in response to the esti-
mated physical activity, adapt at least one therapy-relat-
ed function or feature of the medical device. As described
above with reference to FIG. 10, physical activity could
be monitored by processing the output of an omnidirec-
tional accelerometer device and/or the outputs of a plu-
rality of accelerometer devices. In certain embodiments,
the positive portion of the accelerometer output signal(s)
is integrated to obtain a more accurate estimate of the
calories burned by the user during the monitored period
of time. In this regard, if the user is walking at a quick
pace, then there will be more accelerometer output volt-
age spikes or pulses per unit of time. If the user is doing
high impact exercise, then each accelerometer output
voltage spike or pulse will be of higher magnitude, result-
ing in more area to be integrated during the processing
of the output signal. Thus, the use of one or more accel-
erometers allows the medical device to determine wheth-
er the user has been running, walking, going uphill, going
downhill, jumping, etc. Estimating calories burned in this
manner is more accurate than the traditional technique
of simply counting steps.

[0071] The manner in which the medical device calcu-
lates a measure of energy expended per unit of time (e.g.,
calories) may vary from one device or application to an-
other. For example, the accelerometer output signals
could be processed using an electronic circuit implemen-
tation and/or using a software-implemented algorithm or
program. After a measure of energy expended per unit
of time (e.g., calories) has been calculated, the medical
device can make corresponding adjustments. For exam-
ple, itmay be desirable to adjust one or more parameters
related to the delivery of therapy and/or to provide rec-
ommendations to the user. In an insulin infusion system,
the accelerometer data could be used to adjust the basal
rate of insulin, to recommend a bolus dosage, or the like.
[0072] The output of an accelerometer could also be
used to automatically switch a therapy delivery device
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from a closed loop mode to an open loop mode (and vice
versa). For example, if the accelerometer output indi-
cates no physical activity for an extended period of time,
then the medical device might assume that the user is
asleep and, therefore, automatically activate or maintain
aclosed loop monitoring and therapy delivery mode. This
is desirable so that the device can continue to monitor
the user and administer therapy if needed even if the
user is sleeping. On the other hand, if the accelerometer
output detects at least some physical activity over a des-
ignated period of time, then the medical device might
assume that the user is awake and, therefore, automat-
ically activate or maintain an open loop monitoring and
therapy delivery mode. Open loop operation is desirable
when the user is awake so that the user retains control
over certain functions, such as the delivery of therapy.
[0073] While at least one exemplary embodiment has
been presented in the foregoing detailed description, it
should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or embodiments described herein are not
intended to limit the scope, applicability, or configuration
of the claimed subject matter in any way. Rather, the
foregoing detailed description will provide those skilled
in the art with a convenient road map for implementing
the described embodiment or embodiments. It should be
understood that various changes can be made in the
function and arrangement of elements without departing
from the scope defined by the claims, which includes
known equivalents and foreseeable equivalents at the
time of filing this patent application.

[0074] Aspects and features of the present disclosure
are set forth in the following numbered clauses which
contain the subject matter of the claims of the parent
application as filed.

1. Anomnidirectional accelerometer device compris-
ing:

a piezoelectric sensor element comprising an
electrically conductive support substrate, a layer
of piezoelectric material overlying the support
substrate, and a plurality of electrically conduc-
tive sensor electrodes overlying the piezoelec-
tric material, the piezoelectric sensor element
further comprising a mass-supporting platform
and a plurality of mass-supporting arms, each
of the sensor electrodes being located on a cor-
responding one of the mass-supporting arms;
and

a proof mass coupled to the mass-supporting
platform.

2. The omnidirectional accelerometer device of
clause 1, wherein each of the sensor electrodes rep-
resents a separate and distinct electrical sensing
node.
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3. The omnidirectional accelerometer device of
clause 1, further comprising an electromechanical
mounting arrangement configured to mechanically
and electrically couple the piezoelectric sensor ele-
ment to a circuit board.

4. The omnidirectional accelerometer device of
clause 3, the electromechanical mounting arrange-
ment comprising:

a plurality of electrically conductive mounting
bases; and

a plurality of electrically conductive mounting
tabs, wherein each of the mass-supporting arms
is mechanically and electrically coupled to the
circuit board with one of the mounting bases and
one of the mounting tabs, the mounting bases
are electrically coupled to the support substrate,
and each of the mounting tabs is electrically cou-
pled to a respective one of the sensor elec-
trodes.

5. The omnidirectional accelerometer device of
clause 1, further comprising a signal processing
module coupled to the sensor electrodes, the signal
processing module being configured to process sen-
sor signals generated in response to deflection of
the piezoelectric sensor element caused by the proof
mass.

6. The omnidirectional accelerometer device of
clause 5, the signal processing module comprising:

a first signal processing sub-module configured
to process the sensor signals for human activity
monitoring; and

a second signal processing sub-module config-
ured to process the sensor signals for impact
detection.

7. The omnidirectional accelerometer device of
clause 6, wherein the first signal processing sub-
module and the second signal processing sub-mod-
ule are coupled in parallel to the sensor electrodes
to enable concurrent processing of the sensor sig-
nals.

8. The omnidirectional accelerometer device of
clause 1, wherein the proof mass is centrally located
relative to the mass-supporting arms, and the mass-
supporting arms are symmetrically positioned rela-
tive to the proof mass.

9. A portable medical device comprising:

a circuit board;
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an accelerometer device mechanically and elec-
trically coupled to the circuit board, the acceler-
ometer device comprising:

a plurality of mass-supporting arms for a
plurality of electrically distinct sensor elec-
trodes, each of the mass-supporting arms
having one of the sensor electrodes located
thereon;

piezoelectric material for the mass-support-
ing arms; and

a proof mass supported by the mass-sup-
porting arms, wherein acceleration of the
proof mass causes deflection of the piezo-
electric material, which generates respec-
tive sensor signals at one or more of the
sensor electrodes; and

a response module coupled to the accelerome-
ter device, the response module being config-
ured to initiate an acceleration-dependent oper-
ation of the portable medical device in response
to generated sensor signals present at the sen-
sor electrodes.

10. The portable medical device of clause 9, further
comprising a signal processing module coupled to
the sensor electrodes and to the response module,
the signal processing module being configured to
process the generated sensor signals and provide
associated control signals to the response module.

11. The portable medical device of clause 10, the
signal processing module comprising:

a first signal processing sub-module configured
to process the generated sensor signals for hu-
man activity monitoring; and

a second signal processing sub-module config-
ured to process the generated sensor signals
for impact detection.

12. The portable medical device of clause 11, where-
in the response module initiates an alert operation
when the second signal processing sub-module de-
termines that the accelerometer device has been
subjected to an impact that exceeds an impact
threshold.

13. The portable medical device of clause 11, where-
in:

the first signal processing sub-module is config-
ured to generate an estimated human activity
metric based upon the generated sensor sig-
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nals; and

the response module initiates a function that is
influenced by the estimated human activity met-
ric.

14. The portable medical device of clause 9, wherein
the proof mass is centrally located relative to the
mass-supporting arms, and the mass-supporting
arms are symmetrically positioned about the proof
mass.

15. An omnidirectional accelerometer device com-
prising:

a piezoelectric sensor element comprising a
mass-supporting platform and a plurality of
mass-supporting arms for a plurality of electri-
cally distinct sensor electrodes, each of the
mass-supporting arms extending from the
mass-supporting platform, and each of the
mass-supporting arms having one of the sensor
electrodes formed thereon;

aconnecting rod having a mounting end, a mass
end, and a longitudinal length defined between
the mounting end and the mass end, the mount-
ing end being coupled to the mass-supporting
platform; and

a proof mass coupled to the mass end of the
connecting rod, wherein acceleration of the
proof mass causes deflection of the mass-sup-
porting arms, which generates distinct sensor
signals at the sensor electrodes; wherein:

the longitudinal length of the connecting rod
is tuned in accordance with a predeter-
mined parallel acceleration sensitivity for
the omnidirectional accelerometer device;

each of the sensor electrodes has a longi-
tudinal sensor length along its respective
mass-supporting arm; and

the longitudinal sensor length is tuned in ac-
cordance with a predetermined perpendic-
ular acceleration sensitivity for the omnidi-
rectional accelerometer device.

16. The omnidirectional accelerometer device of
clause 15, wherein the piezoelectric sensor element
comprises:

an electrically conductive support substrate;

a layer of piezoelectric material overlying the
support substrate; and
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the sensorelectrodes overlying the piezoelectric
material, the sensor electrodes being formed
from an electrically conductive material.

17. The omnidirectional accelerometer device of
clause 16, wherein:

the electrically conductive support substrate
corresponds to a reference voltage; and

each of the sensor electrodes corresponds to a
respective sensor signal voltage.

18. The omnidirectional accelerometer device of
clause 15, wherein:

the mounting end of the connecting rod is cou-
pled to a center location of the mass-supporting
platform; and

the mass-supporting arms are symmetrically po-
sitioned relative to the center location.

19. The omnidirectional accelerometer device of
clause 15, wherein adjacent mass-supporting arms
are orthogonal.

20. The omnidirectional accelerometer device of
clause 15, wherein adjacent mass-supporting arms
define a separation angle for the piezoelectric sensor
element.

Claims

An omnidirectional accelerometer device compris-
ing:

a piezoelectric sensor element comprising a
mass-supporting platform and a plurality of
mass-supporting arms for a plurality of electri-
cally distinct sensor electrodes, each of the
mass-supporting arms extending from the
mass-supporting platform, and each of the
mass-supporting arms having one of the sensor
electrodes formed thereon;

aconnecting rod having a mounting end, a mass
end, and a longitudinal length defined between
the mounting end and the mass end, the mount-
ing end being coupled to the mass-supporting
platform; and

a proof mass coupled to the mass end of the
connecting rod, wherein acceleration of the
proof mass causes deflection of the mass-sup-
porting arms, which generates distinct sensor
signals at the sensor electrodes; wherein:

the longitudinal length of the connecting rod
is tuned in accordance with a predeter-
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mined parallel acceleration sensitivity for 9. The omnidirectional accelerometer device of claim
the omnidirectional accelerometer device; 8, wherein the proof mass is adjustable along the
each of the sensor electrodes has a longi- threaded bolt to a desired height.

tudinal sensor length along its respective

mass-supporting arm; and 5 10. The omnidirectional accelerometer device of claim
the longitudinal sensor length is tuned in ac- 9, wherein the proof mass further comprises a
cordance with a predetermined perpendic- threaded hole for threadably engaging the threaded
ular acceleration sensitivity for the omnidi- bolt of the connecting rod to adjustably couple the
rectional accelerometer device. proof mass to the connecting rod.

10

2. The omnidirectional accelerometer device of claim
1, wherein the piezoelectric sensor element compris-
es:

an electrically conductive support substrate; 15
a layer of piezoelectric material overlying the
support substrate; and

the sensor electrodes overlying the piezoelectric
material, the sensor electrodes being formed
from an electrically conductive material. 20

3. The omnidirectional accelerometer device of claim
2, wherein:

the electrically conductive support substrate 25
corresponds to a reference voltage; and

each of the sensor electrodes corresponds to a
respective sensor signal voltage.

4. The omnidirectional accelerometer device of claim 30
1, wherein:

the mounting end of the connecting rod is cou-
pled to a center location of the mass-supporting
platform; and 35
the mass-supporting arms are symmetrically po-
sitioned relative to the center location.

5. The omnidirectional accelerometer device of claim
1, wherein adjacent mass-supporting arms are or- 40
thogonal.

6. The omnidirectional accelerometer device of claim
1, wherein adjacent mass-supporting arms define a
separation angle for the piezoelectric sensor ele- 45
ment.

7. The omnidirectional accelerometer device of claim
1, wherein a height of the proof mass relative to the
mass-supporting platform is adjustable to tune the 50
omnidirectional accelerometer device in accordance
with the predetermined parallel acceleration sensi-
tivity.

8. The omnidirectional accelerometer device of claim 55

7, wherein the connecting rod further comprises a
threaded bolt.

16
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